Background: Assessments of nutritional status frequently incorporate a measure of
Introduction
Nutritional screening plays an important role in the identification and prevention of malnutrition in patients in hospitals and the community (Elia, 2003) . A large number of screening tools have been proposed to facilitate this and most of them utilise a combination of variables including clinical, dietary, biochemical and anthropometric measurements (Green & Watson, 2005) . Anthropometry, the evaluation of body dimensions, is useful because it is an objective measure which allows an approximate evaluation of body stores to be made, for example via body mass index (BMI = weight /height 2 ). Although BMI is commonly used in nutritional screening, including the Malnutrition Universal Screening Tool (MUST) (Elia, 2003) , it requires a measure of height which might be difficult to obtain and / or of questionable accuracy (Kirk et al. 2003; Cook et al. 2005) . As a result, alternative measurements for estimating height are required. Published studies have explored the prediction of height from a range of methods (Hickson & Frost, 2003) including knee height (Han & Lean, 1996; Ritz, 2004) , arm span (Brown et al. 2000; Mohanty et al. 2001; de Lucia et al. 2002; Zverev, 2003) , demi-span (Bassey, 1986) and ulna length (Cheng et al. 1998; Elia, 2003; Gauld et al. 2004; Agnihotri et al. 2009 ). The latter has been examined in children (Cheng et al. 1998; Gauld et al. 2004) , young adults aged 18-28 years (Agnihotri et al. 2009 ) and in adults <65 and 65 years (Elia, 2003) where the resulting MUST prediction equations have been recommended for predicting height in the absence of actual measurements.
It is well known that anthropometric measurements, including height, can be affected by a variety of factors including racial and ethnic differences (Steele & Chenier, 1990; World Health Organisation, 1995; Launer & Harris, 1996; Reeves et al. 1996; Chumlea et al. 1998; Cheng et al. 1998; Mohanty et al. 2001 ). These differences relate not only to absolute anthropometric measurements, but also to the relationship between variables, for example, arm span is approximately equal to height in White adults but greater than height in Black Africans and Asians (Steele & Chenier, 1990; Reeves et al. 1996) . The equations describing the relationship between ulna length and height have been published but details about how they were derived have not been reported so the ethnicity of the reference population is unknown. An exploration of the applicability of the equations in adults from different ethnic groups is required if prediction equations are to be useful in screening patients from diverse backgrounds. The aim of this study, therefore, was to evaluate the MUST equations for predicting height from ulna length in adults from different ethnic groups.
Methods

Subjects
The subjects were recruited opportunistically from staff and students at London Metropolitan University by inviting those waiting in or passing through the main reception area to participate. Initial inclusion criteria were ability to speak and communicate in English and ability to stand for height and ulna measurement. Subjects with obvious physical disabilities which might influence their height and / or bone length, for example those in a wheel-chair, stooping or walking with a limp, were excluded. The study details were explained and data were subsequently collected from those giving verbal consent. Subjects were asked to provide their date of birth, gender and ethnic background and this was recorded on an anonymous form before their height and ulna length were measured. After all data collection was completed, the records from subjects between the ages of 21 and 65 years were categorised into one of the following 
Measurements
Before collecting data from the study subjects, height and ulna length were measured five times in 12 separate subjects to investigate the reproducibility of the method. On the basis of the results, data were subsequently collected by measuring height once and ulna length three times using a standardised protocol. All measurements were made between 10.30 and 16.30 by a single observer (TT) using the same equipment.
 Height -Standing height was measured using a Leicester Height Measure portable stadiometer (Chasmors Limited, London). The stadiometer was placed on a firm, level surface with stabilizers positioned against a wall to ensure rigidity. The subject removed shoes, socks and hats if worn. If they had a hairstyle that would affect the measurements they were asked to adjust it so that an accurate result was obtained.
The subject stood on the platform of the stadiometer facing forward with shoulders relaxed, arms hanging freely by the sides, legs straight and close together with the upper back, buttocks and heels in contact with the upright section of the stadiometer.
The subject"s head was positioned in the Frankfort horizontal plane (Figure 1 ) by the interviewer and the head plate lowered until it was just brought into contact with the top of the head (Ruston et al. 2004) . The measurement was performed once and recorded to 0.1 cm.
 Ulna length -The forearm was measured using an anthropometric tape (Butterfly, Shanghai, China). If the subject was wearing wristbands, tight jewellery, bracelets or watch that could make the reading inaccurate, they were asked to remove them or change their position. Subjects were asked to bend their left arm and place it across the chest with the fingers pointing to the opposite shoulder ( Figure 2 ).
Measurements were taken between the point of the elbow (olecranon process) and the midpoint of the prominent bone of the wrist (styloid process) (Elia, 2003) . The procedure was repeated three times, readings were recorded to the nearest 0.5 cm and a mean value was calculated.
Calculation and analysis
Predicted height was calculated from the mean ulna length using the MUST equations for adults aged <65 years (Elia, 2003) : The difference in age and measurements between subgroups was examined using oneway analysis of variance (ANOVA). Pearson"s correlation coefficient and simple linear regression was used to examine the relationship between ulna length and measured height in each subgroup. The difference between measured and predicted height was examined within each subgroup using paired t-tests.
The study protocol was approved by the Research Ethics Committee of London
Metropolitan University, 23 August 2007.
Results
The measurement of both height and ulna length was reproducible in men and women with mean coefficient of variations of 0.12 and 0.47 respectively.
Two hundred and eighty subjects agreed to participate and were measured. Data from 86 of them were subsequently excluded from the analysis either because they were aged under 21 years and, therefore, may not have reached adult height (Noppa et al. 1980) or because they described their ethnicity as mixed or other than Asian, Black or White. Analyses were subsequently undertaken on the remaining 194 subjects.
Summary statistics for age, measured height and ulna length for the six subgroups are presented in Table 1 . There is strong evidence of difference between the means of the ethnic groups for ulna length and height among both men and women (Oneway ANOVA p <0.001 for all four comparisons). Differences in mean age were highly significant among women (Oneway ANOVA p<0.001) and also significantly different among men (Oneway ANOVA p 0.029). The significance (≤0.05) of any paired differences (post hoc Bonferroni correction) are given in Table 1 . Asian and Black groups differ in height and ulna length among both men and women; the same is generally true of Asian and White groups with the exception of ulna length among women. Black and White groups differ among men and women with respect to ulna length. Overall, the Asian subgroups contained the youngest, least tall and shortest ulna lengths of the three ethnic groups on the basis of mean values.
In Table 2 , the relationship between measured height and ulna length and the difference between mean measured height and predicted height calculated using the MUST equations has been summarised. There was a moderately strong and significant correlation (r>0.6) between ulna length and measured height among Black and White subgroups for men and women. The relationship was somewhat weaker among Asian men (r=0.43) and among Asian women was very week (r=0.11) and was not significant.
In Figure 3 , the distribution of ulna length against height has been plotted separately for each subgroup by gender and ethnicity. The dotted regression line represents the Table 2 ).
The predicted mean height for Asian and Black subgroups typically exceeded the measured values by approximately 4 to 6 cm. The mean differences between measured
and predicted values for White men and women were much smaller. The slope coefficients for the subgroups were relatively consistent with those used in the MUST equations (3.60 for men and 2.77 for women) with the exception of Asian women where any upward trend in increasing height with ulna length is modest and not significant.
In order to explore further limitations of using ulna length to predict height, the pattern of the difference between predicted height and measured height has been further explored.
Since the data comprises of two independent variables and not two indirect measurements of the same variable, conventional "limits of agreement" analysis are not directly applicable. However, the difference for each participant (predicted height minus measured height) can be interpreted as "residuals" using the MUST equation as the baseline for the calculation of these residuals. When plotted against ulna length it is evident that the magnitude of these differences is not unduly affected by variations in ulna length (Figure 4 ). The mean difference and the 95% "limits of agreement" (SD of difference x 1.96) have been added to indicate that these differences are of considerable magnitude and do not appear to be proportional to ulna length in the subgroups. The limits of agreement are stated in Table 2 .
Discussion
This study aimed to evaluate the MUST equations for predicting height from ulna length in healthy adults from different ethnic groups and the results show differences in accuracy, particularly in non-White participants. This raises some concerns about the use of these equations in some groups of the population and, therefore, whether there is a need to develop separate, ethnic-specific equations that would provide more accurate predicted values. In order to address this, there is a need to consider alternative methods of predicting height and the clinical implications of using an inaccurate predicted height value in nutritional screening.
If a value for height cannot be obtained by measurement or calculation using a prediction equation, a self-reported or estimated height might be used. Systematic review of studies examining the accuracy of self-reported height has identified an overall tendency to overestimate true height, probably reflecting societal norms to value tallness (Gorber et al. 2007 ). The studies included examined diverse populations using different methodologies and the degree of disparity between reported and measured values varied considerably. In nutritional screening, if a patient is unable or too ill to self-report their height, this may be estimated by a healthcare professional. However, in a study of 110 patients attending an emergency department, Hendershot et al. (2006) reported that only 41% of healthcare professionals were able to estimate patients" height to within 2.54 cm of measured values compared to 53% of patients themselves. This compares favourably with the results from the present study, where height predicted using the MUST equations was within 2.54 cm of individual measured values in only 30%, 15%
and 30% of Asian, Black and White men and 17%, 37% and 49% of Asian, Black and White women respectively. Stratton et al. (2003) found that using self-reported height and weight in MUST screening of patients with a mean age of 56 ± 15 years and BMI of 27.9 ± 5.7 kg.m -2 was unlikely to alter the malnutrition risk category although similar investigations are needed in older patients and those with lower BMI values.
A number of alternative methods for predicting height have been proposed. Regression equations derived from knee height have been most commonly explored in different ethnic groups including non-Hispanic White, non-Hispanic Black and Mexican-American adults aged 60 years and over (Chumlea et al. 1998) , Korean adults (Hwang et al. 2009) and for men. The differences between height measured and predicted by Cereda et al. (2010) was also very small (<1 cm) in a validation population sample of 120 with root mean square error value of 3.2 and 95% confidence intervals of -6.1 and 6.5 cm (combined data for men and women). This range is greater, i.e. less precise, than in any of the groups in the present study although the difference is smaller, i.e. more accurate, than observed in Asian or Black men or women (see Table 2 ).
The clinical implications of the results from the present study can be explored by extrapolating "worse case scenarios" in hypothetical screening. We found that ulna length ranged from 23.3 to 26.0 cm. among Asian women and that it was weakly associated with measured height. If we apply this range of ulna lengths to an Asian woman weighing 50 kg and with a measured height of 157.7 cm (i.e. study mean value from No prediction formula derived from regression equations will be able to provide estimates that are 100% accurate and the practicality of the method for collecting data must be weighed against potential inaccuracies. The prediction of height from ulna length offers some advantages over the use of knee height measurement, particularly in bed-bound patients where correct positioning of the leg may be difficult (Cook et al. 2005) , and it may be more acceptable for the person being measured to bare their fore arm rather than lower leg and foot . An ulna length can be measured using a standard anthropometric tape which is cheaper and more available than an anthropometric calliper that has been used for knee height in some studies (Chumlea et al. 1998 , Cereda et al. 2010 .
The participants studied in the present investigation, which has a small sample size compared to other anthropometric validation studies, were recruited from a population which can be considered as predominantly healthy because they were attending a university to study or work. Clearly, these are neither a representative sample of the whole population or of the people who are most likely to be undergo nutritional screening and this is a significant limitation. As a result, the numerical data from the present study should not be extrapolated and used to "correct" predicted values of height obtained from the MUST equations in a hospitalised population. However, it is reasonable to conclude that the absence of a significant relationship between ulna length and height observed in the Asian women who participated might be found in other groups of Asian women. As such, further studies are required to develop more accurate equations using ulna length in a non-White population and to explore alternatives to ulna length in Asian women.
In conclusion, the findings from this study indicate that the MUST equations for predicting height from ulna length in adults provide useful estimates of height in White healthy volunteers but overestimate height in Asian and Black healthy volunteers. The absence of a significant relationship between measured height and ulna length raise particular concern about the use of prediction equations in Asian women. The position of the forearm for measuring ulna length 
Figure 4
The difference between predicted and measured height plotted against ulna length in 194 participants by sex and ethnicity. The dotted lines represent the mean difference and 95% "limits of agreement" (i.e. ± 1.96 standard deviations). 
